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Spinal Cord AngiographyI
Spinal cord angiography is rapidly becoming an important diagnostic adjunct to the study of spinal cord disease. The possibility of demonstrating radiographically the spinal cord vessels has been markedly improved since the introduction of the selective injection technique (Di Chiro et al. 1967) . Visualization of the spinal cord vasculature in the thoracolumbar area is possible in all cases if the method of selective catheterization of the intercostal and lumbar arteries is used. Radiographic demonstration of the spinal cord vessels in the cervical and high thoracic segment, on the other hand, is not obtained in every instance, even when using selective vertebral (or other subclavian branches) arterial injections.
Our knowledge of the normal radiographic appearance of the spinal cord arteries has markedly increased because of the technique of spinal cord angiography. The typical 'hairpin' aspect of the arteria radiculomedullaris magna, or artery of Adamkiewicz, is rapidly becoming familiar to many angiographers. It is not certain that normal spinal cord veins have ever been angiographically demonstrated.
Spinal angiography is indispensable in the evaluation of spinal cord arteriovenous malformations. By this technique, a precise and accurate diagnosis is possible, and much information is obtained which other radiographic methods (e.g. myelographv) are unable to supply. In particular, by means of spinal cord angiography, it is possible to recognize the feeding vessels of arteriovenous aneurysms and to establish whether or not the normal arterial supply of the spinal cord is involved in the lesion. Arteriographically, we are also able to distinguish between vascular malformations located in front and those located behind the cord. Selective arteriography is, undoubtedly, the current diagnostic procedure of choice for the correct surgical management of patients with arteriovenous malformations of the spinal cord.
Spinal cord angiography may also be helpful in demonstrating the nature of spinal cord tumours. The arteriographic studies are particularly important for differential diagnosis between ha-mangioblastomas, which show as nodules of diffuse 'blush', and the arteriovenous malformations which are always arteriographically charac-'This paper was illustrated by a filnm terized by individual, recognizably separate vessels (Di Chiro & Doppman 1969) . Spaceoccupying lesions within the spinal canaltumours, cysts, disc-herniationsmay cause displacement of the large arteries of the spinal cord. This displacement is clearly demonstrable by angiography.
Intraspinal hypervascularity associated with neighbouring arteriovenous malformations and aortic coarctations can also be demonstrated by spinal cord arteriography. Preliminary work is being carried out to establish the value of spinal cord angiography in the important, and often clinically unrecognized, obstructive vascular disease of the spinal cord.
A great deal about the spinal cord vessels is being learned by experimental spinal cord angiography (Di Chiro et al. 1970 ) in monkeys. The angiographic studies are followed by surgical exposure and selective ligation of the radiographically visualized vessels. Surgical occlusion of the artery of Adamkiewicz and of the anterior spinal artery above or below the origin of the former is accomplished. Clinical, radiographic, and post-mortem follow up of the operated monkeys is obtained. Methods to explore the normal and surgically altered visualization of the spinal cord include, besides angiography, microangiography and neurotropic fluorescent tracer studies.
Two modifications of spinal cord angiography pressor amine potentiation and abdominal compressionhave proven very successful in the monkey. One important finding is that ligation of the artery of Adamkiewicz does not produce any significant neurological deficit. Ligation of the anterior spinal artery above the artery of Adamkiewicz also fails to cause serious neurological damage, while ligation of the anterior spinal artery below the artery of Adamkiewicz consistently leaves the monkey paraparetic if not completely paraplegic. The amazing anatomical similarity of the thoracolumbar cord arterial supply in the monkey (Macaca mulatta) and in man makes us hope that we shall soon be able to apply what we have learnt in animal studies to human patients.
Spinal cord angiography should be considered as one of the important diagnostic methods in the management of spinal cord disease.
